been associated with suboptimal glycemic control both in patients with type 1 and type 2 diabetes. [8] [9] [10] A growing body of literature has shown that diabetes distress is more closely linked to poorer self-management and treatment outcomes compared with depression. 8 However, most of these data are self-reported, with limited quantitative data available to support this. Furthermore, the majority of the literature focuses on patients with type 2 diabetes and data about self-management behaviors in type 1 diabetes are limited.
Few studies have quantified the relationship between diabetes distress and self-management behaviors in pump patients. Therefore, in this study we set out to explore the association between diabetes distress and various self-management behaviors including self-monitoring of blood glucose (SMBG), bolus wizard usage, and health care utilization.
Methods
We performed a cross-sectional study of adults with type 1 diabetes, at a single hospital clinic, treated with CSII. We only included data available from Carelink software for participants who were using a Medtronic pump with a linked capillary blood glucose (CBG) meter. A minimum of 14 days of data available on pump downloads was required as well as a concurrent diabetes distress score and HbA1c recorded within the last 1 month. Exclusion criteria were CSII treatment <6 months, pregnancy, hemoglobinopathy, and continuous glucose monitoring/sensor use. A total of 129 patients met the inclusion criteria.
In our clinic, patients complete the Type 1 Consultation Tool (see Appendix A) prior to each appointment, which contains the Diabetes Distress Scale-2 (DDS-2) questionnaire, which then forms the basis of the consultation.
11
Patient management is then determined by a pathway illustrated in Appendix B. Pumps are routinely downloaded using proprietary software. Data on SMBG frequency, manual boluses per day, bolus wizard events per day, proportion of boluses with wizard override and proportion given with food, average capillary blood glucose, capillary blood glucose standard deviation, and time within blood glucose target range were all extracted from the last available pump download with a concurrent DDS-2 score and HbA1c. The target range for CBG readings was defined as 4-10 mmol/l as per American Diabetes Association guidelines.
12 Appointment data were also obtained for each patient from the Patient Information Management System.
Statistical Analysis
All statistical analyses were carried out using IBM SPSS version 24. A one-way Analysis of Variance was carried out to assess between-group differences in baseline characteristics as well as self-management behaviors in patients with low, medium and high DDS-2. A chi-square test was used to compare between group differences in sex and proportion of patients who had undergone dose adjustment for normal eating (DAFNE) training. A regression analysis was used to assess the predictive value of the various self-management behaviors on HbA1c. P values < .05 were considered significant.
Results
We analyzed data from a total of 129 adults (age, 45.2 ± 19.0 years; duration of diabetes, 26.6 ± 16.2 years; duration of CSII, 6.0 ± 3.5 years; HbA1c, 8.0 ± 1.2%, all values mean ± SD). Patients were categorized into low (DDS-2 score <2.5), moderate (DDS-2 score 2.5-3.9), and high (DDS-2 score ⩾4.0) distress groups, according to cut-offs proposed by Todd et al. 13 The mean DDS-2 score across the cohort was 2.7 ± 1.3.
There were statistically significant between-group differences in HbA1c (P = .004) and sex (P = .019). Patients with higher diabetes distress had a higher HbA1c and a trend to higher CBG as well as lower proportion of readings in range. However, there was no difference in proportion of people who had undergone DAFNE training, or in the variability of CBG readings (Table 1 ). All other baseline characteristics were similar across groups.
In terms of self-management behaviors, there were no differences in the frequency of SMBG or boluses, in the proportion of boluses given as manual bolus or with food, or in the use of the bolus wizard. Statistically significant betweengroup differences were found in frequency of set changes (indicated by number of tubing fills) (P = .025), number of appointments booked (P = .021) and number of appointments missed (P = .004) ( Table 2) .
Multiple regression was used to assess the predictive value of the various self-management behaviors on HbA1c. The model gave an R 2 value of .215 and SMBG frequency, number of boluses, and number of appointments attended were significant predictors of HbA1c (Table 3) .
Discussion
Our data confirmed the association between diabetes distress and glycemic control, as reported by previous studies. 8, 13 Patients with high diabetes distress had a significantly higher HbA1c as well as a lower time in normal blood glucose range.
Patients with medium and high distress performed significantly fewer set changes (as indicated by frequency of tubing fills), compared to those with low distress. The number of appointments missed was significantly greater in patients with higher distress, however these patients also booked more appointments. Patients with high distress had numerically lower boluses per day and a greater number of wizard overrides. However, these results failed to reach statistical significance, and despite the differences in HbA1c similar SMBG frequency, boluses per day, and bolus wizard usage were seen in patients with low, medium, and high distress.
Previous studies have suggested that high diabetes distress prevents patients from engaging in self-management behaviors and that this lack of self-management results in a higher HbA1c. High diabetes distress has been associated with a greater number of missed boluses, 14 poorer adherence to meal planning recommendations and lower levels of exercise. 15 High regimen-related distress specifically has also been associated with lower SMBG frequency. 15 Therefore, in this study we expected that patients with high distress would have a lower SMBG frequency, lower number of boluses per day, less frequent set changes, suboptimal bolus wizard usage, and reduced contact with health care teams. Thus, it was surprising to see that in this study population, patients with higher distress achieved a higher HbA1c despite similar self-management behaviors.
It is possible that these results may be due to the differences between our study population and previous studies. Our patients were managed in a tertiary center and were in regular contact with health care professionals, as indicated by the high number of appointments. Those with high distress missed a greater number of appointments, which may be due to the Data are expressed as mean ± SD. increased burden of diabetes management perceived by these patients. These patients did however, have a greater number of appointments booked, which may reflect the efforts of the health care team to support them. Unlike previous studies, our patients were all receiving optimized treatment in the form of pump therapy. Moreover, a high proportion of these patients (78%) were DAFNE trained, 16 so had received intensive education around carbohydrate counting and dose adjustment prior to pump therapy. Although high variability in CBG has been associated with Quality of Life, 17 and could lead to high distress and high HbA1c despite adequate SMBG, this does not appear to be the case in our cohort, as the standard deviation of their CBG was similar.
The high level of support received by these patients may be responsible for increased adherence to self-management behaviors even in those with high diabetes distress, and thus may explain the absence of differences in self-management in patients with varying degrees of distress. Increased selfmanagement in this patient group compared to the general population is evidenced by the SMBG frequency of 5.2 tests per day which is higher than the DAFNE recommendations of 4 tests per day.
In this study, diabetes distress was quantified using the DDS-2 questionnaire as this is routinely used in clinical care. Although the DDS-2 questionnaire showed a high level of association with the DDS-17, 18 its brevity makes it impossible to ascertain the underlying causes of the patient's distress. Thus, we are unable to determine if a fear of hypoglycemia, defensive eating or undercounting of carbohydrates may have contributed to the higher HbA1c. A more detailed questionnaire such as the DDS-17 or PAID questionnaires may be able to explore these possibilities.
The association between HbA1c and diabetes distress may be bidirectional in nature. Rather than diabetes distress leading to poorer self-management and subsequently, resulting in a higher HbA1c, suboptimal glycemic control may in fact be the main driver of diabetes distress in patients regardless of their self-management behaviors. Thus, patients may be monitoring their capillary blood glucose frequently and may adhere to self-management behaviors, and still have a high HbA1c and high CBG readings. This failure to achieve glycemic control may result in feelings of 'diabetes burnout' and increased diabetes distress, independent of adherence to selfmanagement behaviors.
Current literature suggests that patients with type 1 diabetes are more likely to develop depression compared with the general population. 19 However, this was not routinely screened for in our patients. Comorbid depression may also contribute to higher HbA1c, however this could not be quantified in this study. In addition, this study did not measure treatment satisfaction or accuracy of carbohydrate counting. In a previous study, Todd et al reported that 23% of patients with adequate glycemic control (HbA1c<58 mmol/L) had high diabetes distress, 13 suggesting that in some patients distress may play an important role in maintaining self-management behaviors and achieving glycemic control.
Conclusion
Although in some patients, high distress may result in raised HbA1c through reduced self-management behaviors, in our highly trained pump-using patients we found that high distress was associated with suboptimal biomedical outcomes despite appropriate self-management behaviors. This suggests that although they were performing the tasks required for adequate diabetes control, there may be other factors that prevented our patients from achieving appropriate results. Future qualitative work should explore the relationships between diabetes distress, self-management, and glycemic control further.
